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Doing something for the Soldier for the past 50 years…

DEVELOPMENT OF NANOFIBROUS 
MEMBRANES TOWARDS BIOLOGICAL 

SENSING

Andre G. SenecalAndre G. Senecal, Kris J. Senecal, Joshua P Magnone, Philip E. Pivarnik,, Kris J. Senecal, Joshua P Magnone, Philip E. Pivarnik,
US Army Research Development and Engineering Command, Natick Soldier Center, Natick, MA.
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Nanofiberous MembranesNanofiberous Membranes

The goal was to develop a novel sampling 
technology using electrospun nanofiber 
membranes associated with specific 
capture chemistries that could lead to 
improved detection capabilities for low 
concentrations of pathogens and toxins 
from complex and dilute samples by 
improving the capture and concentration 
step in the sampling process.
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* Vary fiber diameter
* Solution viscosity
* Field strength
* Net charge density in fiber
* Solvent evaporation rate
* Polymer molecular weight

*Ultra Thin (conformable)
* High Surface Area
* High Porosity (breathable, lightweight)
* Membrane-like Textile
* Spin into air, vacuum, other gases
* Spin from dilute solution, or melt
* Co-spinning of polymers/additives
* Simple Manufacturing/Custom Design 
Tailoring

Why Electrospinning?Why Electrospinning?

To Ground
kV

DC Power Source
+

Pipette and Polymer SolutionConducting Target

Nanofibrous Membranes
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SEM Micrograph
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Nanofibrous MembranesNanofibrous Membranes

Electrospun membrane containing 
capture elements, in this case 
antibodies. Note increased amounts of 
MRE;s possible with this 
multidimensional technology

Envisioned Membrane with Molecular Recognition 
Element (MRE) Attachment
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Electrospun polyurethane:  Pellethane Dow ChemicalElectrospun polyurethane:  Pellethane Dow Chemical
Additive consisted of :  polyamine to give primary NHAdditive consisted of :  polyamine to give primary NH22
group attachment.group attachment.

Fluorescein isothiocyanate (FITC) succinimidyl ester binding Fluorescein isothiocyanate (FITC) succinimidyl ester binding 
to primary amines on fiber surface. to primary amines on fiber surface. 

Able to determine primary amines using SulfoAble to determine primary amines using Sulfo--SDTB SDTB 
reaction.reaction.

Materials and Methods:

Membranes with NH2 functional groups:
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Aminated Pellethane electrospun membranes labeled with Fluorescein 
Isothiocyanate

(FITC counts monitored after dialysis in water)
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Materials and Methods

Carboxylated PVC Membranes:

Electrospun material:  Polyvinyl Chloride-COOH (1.8%).

Antibody/Antigen test:  Goat anti rat IgG, IgM and  rabbit anti 
goat IgG (HRP) activity tested with SuperSignal ELISA 
Pico (Pierce).

SEB Toxin Capture/Detection Studies:  Avidin Crosslinked 
Membranes with biotinylated rabbit anti-SEB antibody

Sandwich Immunoassays were performed with SEB at various 
concentrations with HRP conjugated antibodies
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Antigen Binding
Antibody/Antigen test on PVCAntibody/Antigen test on PVC--COOH membrane COOH membrane 

specificityspecificity

Crosslinkers:  EDC and Sulfo-NHS 

Control: 1• antibody= Rabbit anti-
Staph

Experimental: 1• antibody= Goat 
anti-Rat

2•antibody=Rabbit anti-Goat 
HRP

ControlControl ExperimentalExperimental

Avidin/biotin (fluorescent) studies conducted on 
PVC-COOH electrospun membranes
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Staphylococcal enterotoxin B 
detected with horseradish 
peroxidase-antibody conjugate

Y Capture Antibodies

Antibody capture of (SEB) 
on a nanofiber membrane

SEB Assay

Membranes with 
avidin linker and 

biotinylated 
antibody

Membranes without 
avidin linker and 

biotinylated antibody

ng/ml 
SEB

Chemiluminescent 
Signal

Detect
SEB

Chemiluminescent
Signal

Detect
SEB

0 0.67 0.73

1.0 2.47 Yes 0.86 No

10 10.63 Yes 0.30 No

100 96.23 Yes 0.13 No

Nanofiber Membrane Results



8

15

Polyurethane membranes can be co-electrospun together 
with a water soluble polyamine to insert primary NH2
groups for attachment of reactive compounds. 

Fluorescent compounds that bind to the primary NH2
bind to the membranes in a concentration dependent 
manner to polyamine addition in the spin dope. 

Summary of Results
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Electrospun membranes Polyvinyl chloride (PVC) membranes 
containing COOH reactive groups.

Reacted carboxylated PVC membranes for attachment of 
antibodies to the electrospun membranes. Conducted 
immunoassay of antibodies indicating specificity with its 
complement.

Avidin/Biotin linked membranes detected SEB toxin in a 
immuno-sandwich assay at concentrations of at least 1 ng/ml.

Summary of Results
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